HLA-G and E are non classical human MHC class I molecules. They may promote tolerance leading to virus and tumour immune escape. We recently described that the herpes simplex virus type 1 (HSV-1), a neurotropic virus inducing chronic infection and neuron latency, and rabies virus (RABV), a neuronotropic virus triggering acute neuron infection -up-regulate HLA-G expression in human neurons (NT2-N). Surface expression was only detected after RABV infection. We investigated here whether RABV and HSV-1 up regulate HLA-E expression in human neuronal precursors (Ntera-2D/1). We found that RABV and -not HSV-1-up regulates HLA-E expression, nevertheless HLA-E could not be detected on the surface of RABV infected Ntera-2D/1. Altogether these data suggest that HLA-G and not HLA-E could contribute to the immune escape of RABV. In contrast, there was no evidence that these molecules are used by latent HSV-1infection. Thus, neurotropic viruses that escape the host immune response totally (RABV) or partially (HSV-1) regulate HLA-G expression on human neuronal cells differentially.
INTRODUCTION
Viruses have developed strategies to facilitate their own dissemination by escaping attack by T and NK cells [1] . Some viruses induce the apoptosis of T or NK cells by increasing the production of immunosubversive molecules in the tissues they infect, resulting in the inactivation of T cells expressing receptors for these molecules. One such molecule, the Ligand of Fas, FasL, has been shown to be involved in the killing of migratory T cells into the nervous system (NS) in rabies virus (RABV) infection [2, 3] . HLA-G, a non classical MHC molecule which expression in cells is up regulated following infection with human cytomegalovirus (HCMV), human immunodeficiency virus (HIV-1) and RABV could also contribute by a similar mechanism to the immunoevasion of these viruses [4] [5] [6] [7] [8] . In addition, HIV-1 and HCMV up regulate the expression of another non classical MHC class I molecule,
HLA-E at the surface of the infected cells leading to the protection of the infected cells from NK lysis [9] [10] [11] [12] [13] .
Thus, the capacity of HLA-G to kill T and NK cells through the binding to the inhibitory receptor KIR2DL4 expressed by NK cells [14] [15] [16] or through the binding to CD8 molecules present on T cells [17] -and the capacity of HLA-E to modulate NK function, via its binding to NKCD94/NKG2A receptors [18] [19] [20] have been hijacked by viruses to sneak through the innate and adaptative host immune responses.
HLA-G and HLA-E are two non classical Class I (Ib) molecules with a low level of polymorphism. Seven HLA-G isoforms -four membrane-bound (HLA-G1, G2, G3 and G4) and three soluble (HLA-G5, G6 and G7) isoforms-, obtained by means of alternative splicing of a single primary transcript [21] have been identified. The most studied are the membranebound HLA-G1 and soluble HLA-G5 isoforms. Both are associated with 2 microglobulin [22] . HLA-G, which was originally thought to be present exclusively in the human placenta [23, 24] has also been detected in brain and neural cells [25, 26] including human neurons [8] .
HLA-E is ubiquitously transcribed in most human tissues. It is associated with the 2microglobulin. Surface expression of HLA-E is usually weak suggesting that post translational mechanisms regulate its expression.
The question whether the HLA-E can be employed by neurons during infection of the NS by viruses which are known to escape the adverse host immune response such as RABV [2, 3, 8, 27] or not such as latent strain of HSV-1 (KOS virus) was challenged here. We therefore investigated whether RABV and HSV-1 infected human neurons express HLA-E and whether HLA-E molecules reach the cell surface of the infected neurons.
MATERIALS AND METHODS

Antibodies and reagents
Mouse mAb MEM-G/09 specific for the native 2-microglobulin-associated HLA-G forms (corresponding to the native HLA-G1 and HLA-G5 isoforms) [28, 29] , MEM-E/07 specific for the native HLA-E and MEM-E/02 [28] 
Human cells and viruses.
Ntera-2D/1 cells (ATCC CRL, 1973) are human neuronal precursors from which human neurons-NT2-N-or mixed cultures of neurons and astrocytes-NT2-N/A-can be differentiated using two different types of differentiation protocols as previously described [8] . M8-pcDNA a HLA-A, B, C, E positive but HLA-G negative melanoma cell line [30] transfected with an hygromycin resistant vector was used as a HLA-E positive control cells.
The laboratory strain CVS (ATCC vr959), a highly pathogenic RABV strain [31] was propagated as previously described [32] . The latent HSV-1 strain KOS [33] was propagated on U373MG. Cells were infected at a multiplicity of infection (MOI) of three if required. 
Analysis of gene expression after RABV or HSV-1 infection
Standard RT-PCR
Total RNA was extracted with RNeasy kits 18 h (HSV-1) or 24 h (RABV) after infection.
RNA quality was monitored using Agilent RNA Nano Labchips. The first-strand cDNA was synthesized with oligodT primers. 18S rRNA was used as a reference (housekeeping gene). HLA-E was the gene which transcription was the most increased by RABV infection (x 13.4)
In striking contrast, in the same conditions of culture and analysis, transcription of HLA-E was not amplified in NT2-N/A cultures infected by HSV-1 (data not shown)
Thus HLA-E expression in cultures of human neuronal precursors infected by RABV was investigated in more details.
RABV and not HSV-1 up regulated HLA-E transcription in human neuronal cultures
We used RT-PCR to validate the expression patterns detected by microarrays. Human neurons (NT2-N) were infected for 24h with RABV and 18h with HSV-1. RNAs were extracted.
Virus infections were monitored by RT-PCR, using pairs of primers specific for the N gene of RABV, for the UL54 gene of HSV-1 (data not shown). HLA-E gene transcription was studied by RT-PCR using two sets of primers (Figure 1A and 1B) . M8pcDNA cells were used as control of HLA-E expression and 18S as a housekeeping gene (Figure 1C) . The data clearly indicated that HLA-E transcription was up regulated after RABV and not after HSV infections. The fact that increased transcription of HLA-E gene was observed also by RT-PCR confirmed the results of transcriptome analysis.
RABV upregulated the HLA-E and HLA-G protein expression in RABV infected human neuronal cells
Cultures of Ntera-2D1 were either non-infected or infected with RABV for 24h.
Immunoblotting using the MEM-E/02 mAb allowed the detection of HLA-E protein (42kDa) in RABV infected Ntera-2D/1 extracts and not in non-infected ones (Figure 2A) .
Immunocytochemistry analysis using the MEM-E/07 mAb also allowed HLA-E detection in
M8pcDNa cells (Figure 2B) as well as in RABV infected Ntera-2D/1 (Figure 2C a-d) ,
whereas HLA-E was not expressed by non infected cells (Figure 2C e-h) nor in HSV-1 infected cells (data not shown). Using the HLA-G specific MEM-G/09 mAb, RABV infection was found to up regulate HLA-G expression in human neuronal precursors (Figure 3) as found in human NT2-N cells [8] .
HLA-E molecules did not reach the surface of RABV infected
Cytofluorimetry analysis was performed on permeabilized RABV-infected cells to detect HLA intracellular expression (Left panels of Figure 4 ) and on non permeabilized RABV- Figure 4 ). This indicates that despite over expression of HLA-E in the cytoplasm , HLA-E molecules did not reach the surface of the RABV-infected cells (Figure 4) .
Discussion
This study showed that RABV infection triggers the transcription of several class I MHC HLA-E transcription in RABV infected neurons are unknown. IFN which has been shown in other cell types to control HLA-E transcription through an upstream STAT-1 binding site [36, 37] is probably not involved in HLA-E control by RABV since this virus does not trigger IFN- transcription in human neurons [8, 38] . We have previously shown that HSV-1 and RABV infections modulate the expression of the HLA-G gene in different ways: HSV-1 up regulated mainly the isoforms HLA-G5 and G3, whereas RABV up regulated mainly HLA-G1 [8] . This emphasizes that human neurons use sophisticated patterns of HLA-G and E regulation and that HSV-1 and RABV could be appropriate tools for their analysis.
In contrast to classical MHC class I which surface expression was increased by RABV infection, HLA-E molecules could not be detected on the cell surface, suggesting they cannot be exported. Such a pattern has been observed in human tumours which may not express
HLA-E on cell surface despite the expression of HLA class I, presence of intracellular HLA-E, HLA-E transcript and expression of 2 microglobulin [39] . Surface expression of HLA-E, which is usually weak, can be limited by at least two factors. Surface expression of HLA-E required association with leader peptides derived from HLA-C, HLA-G and -A molecules in a TAP dependent manner (42) (43) (44) (45) . HLA-E surface expression is also dependent on availability of 2 microglobulin. HLA-E is known to have a weaker affinity for 2 microglobulin resulting in competition for 2 microglobulin in favor of other HLA class I a [39] . The export of HLA-A, -B and -C at the surface of the infected neurons and not of HLA-E could reflect the competition between HLA-E and other MHC Class I for 2 microglobulins. In the case of cells infected by viruses, such as HIV, CMV and hepatitis C virus, HLA-E surface export is favored by its association with virally encoded peptides showing homology with HLA class I leader peptides. These peptides are used in place of the MHC class I leader peptides, whose expression are down regulated by these viruses. In absence of surface expression of MHC class I, HLA-E export to the surface and functional recognition of HLA-E by the CD94/NKG2A molecules expressed by NK cells protect the infected cells form NK lysis [11, 13, 40] . In HCMV infected cells, HLA-E only acquires a CD94/NKG2A receptor conformation if a ligand derived from the UL40 signal sequences of HCMV is bound.
VMAPRTLIL is the UL40 HCMV sequence which stabilizes HLA-E expression [13] . Such sequence and derivated ones are not encoded by any RABV proteins (data not shown). This is consistent with the absence of HLA-E surface expression in RABV infected neurons. Thus it is unlikely that up regulation of HLA-E constitutes a protective mechanism against NK lysis.
This mechanism functions in cells infected by viruses which down regulate classical MHC class I from the cell surface. Expression of classical MHC class I molecules is not down regulated by RABV expression, indicating that RABV infected neurons have little chance to be targeted by NK cells which presence in human rabies have been detected but whose protective function against the virus progression is dubious [41, 42] . 
